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PURPOSE: To obtain an SOG film of high film quality by 
using a low temperature process. 

CONSTITUTION: An oxide film 102 is formed on a silicon 
substrate 101, and an Al wiring 103 is formed on the film 
102 (a). A plasma oxide film 104 is formed on the whole 
surface (b). An inorganic SOG film 105 is formed by 
using a spin coating method, and baking is performed at 
a low temperature (300** C) (c). Exposure is performed ry y . ^ . .^ ,^ ^ 
in plasma 106 which contains oxygen containing ozone, X v-^ X . ^ 

water and helium, and film quality of the inorganic SOG 
film is improved (d). An improved thick inorganic SOG 
film 108 is formed by repeating the processes (c) and (d) 
a plurality of times. 
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CLAIMS 


[Claim(s)] 

[Claim 1] (1) The formation method of the spin-on glass film characterized by to include the 
process which heat-treats **(ing) using the spin applying method to the process which forms a 
spin-on glass film on the insulator layer formed on the semiconductor substrate, the process 
which calcinates the aforementioned spin-on glass film at (2) low temperature, and the plasma 
gas containing (3) oxygen, ozone, water, and helium, and improves the membraneous quality of 
the aforementioned spin-on glass film. 

[Claim 2] The formation method of the spin-on glass film characterized by providing the following 
(1) The process which forms a spin-on glass film on the insulator layer formed on the 
semiconductor substrate using the spin applying method (2) The process which calcinates the 
aforementioned spin-on glass film at low temperature (3) The process which heat-treats **(ing) 
to the plasma gas containing oxygen, ozone, water, and helium, and improves the membraneous 
quality of the aforementioned spin-on glass film (4) The process which heat-treats **(ing) to the 
plasma gas containing oxygen, ozone, and helium, and improves the membraneous quality of the 
aforementioned spin-on glass film further 

[Claim 3] The formation method of the spin-on glass film according to claim 2 characterized by 
performing the process of ****** (3), and the process of ****** (4) two or more times 
repeatedly by turns. 

[Claim 4] The formation method of the spin-on glass film according to claim 1 or 2 characterized 
by performing the process of ****** (1), and the process of ****** (2) two or more times 
repeatedly by turns in advance of the process of ****** (3). 

[Claim 5] the generating conditions of the plasma gas in the process of ****** (3), or the 
process of ****** (4) — an equipmentiparallel monotonous type — the formation method of the 
spin-on glass film according to claim 1 or 2 characterized by being two RF heat treatment 
temperature:250-450 degree-C pressure:1 - 20Torr(s), plasma equipment impression RF:200- 
450kHz and 13.56MHz 

[Claim 6] The formation method of the spin-on glass film characterized by performing the 
formation method of a spin-on glass film according to claim 1 , or the formation method of a spin- 
on glass film according to claim 2 two or more times continuously. 


[Translation done.] 


DETAILED DESCRIPTION 


[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the formation method of the insulating membrane 
layer at the time of using a spin-on glass (spin on glassiSOG) film as a layer insulation film of a 
multilayer interconnection, and relates to the membraneous improvement method of the spin-on 
glass film as a layer insulation film especially. 
[0002] 

[Description of the Prior Art] Adoption of a multilayer interconnection is indispensable with 
detailedHzing of a semiconductor device at the composition of a semiconductor device. As a 
layer insulation film of the semiconductor device which has a multilayer interconnection, the 
insulator layer of a silicon-oxide system is mainly used from the purpose which reduces the 
parasitic capacitance during wiring between the upper wiring and lower layer wiring etc. And a big 
level difference is formed in a layer insulation film front face by carrying out the laminating of the 
insulator layer of this silicon-oxide system to a wiring layer. When it ** and a big level difference 
is shown in a layer insulation film front face, in the photolithography technology at the time of 
the upper wiring formation, formation of the resist pattern with a sufficient insufficient shell 
precision of a focal margin becomes difficult, and it becomes easy to produce an open circuit in 
the upper wiring for a big level difference. Then, various development of the technology for 
carrying out flattening of the front face of a layer insulation film is carried out. 
[0003] After carrying out film formation of the hydroxylation silicon [silanohSi (0H)4] which the 
organic solvent was made to distribute as one of the flattening methods on the substrate 
accompanied by irregularity by the rotation applying method, by heating Si4 (OH) It pyrolyzes and 
is Si02. It carries out and forming a flat insulator layer (inorganic system spin-on glass film) is 
performed, and since it is very simple, generally this method is adopted widely. 
[0004] However, when the main material of lower layer wiring consists of metals, such as 
aluminum, since the metaled melting point is low, there is limit that only heat treatment of at 
most about 450 degrees 0 can be performed. Among dryness nitrogen, by 450-degree 0 heat 
treatment, into the film of a spin-on glass film, a lot of silanol combination (Si-OH combination) 
will remain, sufficient precise-ization will not be performed, but it will become a porous film. The 
formed spin-on glass film shows strong hygroscopicity from that it is porous and the inclination 
for silanol combination to adsorb the water in the atmosphere by hydrogen bond being strong. 
[0005] If the moisture which exists in these films reacts with a wiring metal, a wiring metal will 
become the cause eluted in a spin-on glass film. Therefore, the method of forming a 
membraneous good oxide film in the upper and lower sides of a spin-on glass film by the plasma- 
chemistry vapor-growth (PE-CVD) method is taken so that a direct wiring metal may not touch 
a spin-on glass film. However, since step coverage nature generally tends to become overhang- 
like bad, a plasma CVD oxide film cannot embed the irregularity produced by wiring formation 
only in this oxide film. Moreover, the problem that contact resistance with the upper wiring which 
desorption of water took place from this spin-on glass film when the spin-on glass film was 
exposed to the through hole side attachment wall at the time of through hole opening and the 
conductor of the upper wiring was formed on lower layer wiring, and was formed after that 
increases is caused. In the through hole of a diameter 1 micrometer or less, especially the 
problem of contact resistance increase becomes serious. Furthermore, the leakage current 
between through holes increases by including low silanol combination (Si-OH combination) of 
insulation resistance so much in the spin-on glass film. 

[0006] As this cure, generally the method of removing altogether the spin-on glass film on lower 
layer wiring by the whole surface etchback method using dry etching technology is adopted so 
that a spin-on glass film may not be exposed to a through hole side attachment wall at the time 
of through hole opening, since all the side attachment walls of a through hole are formed by the 
good oxide film by this method — low — although contact by the through hole [ **** ] is 
obtained, since the number of times of etchback increases so that it becomes a multilayer 
interconnection, the shortage of a throughput of a dry etching system poses a problem 


[0007] Moreover, in the present condition, since it is extremely large, in case the dry etching rate 
of a spin-on glass film removes all the spin-on glass films on lower layer wiring compared with it 
of a plasma oxidation film, the trouble that ********** and global flat nature falls [ the concave 
portion of latus area with little occupancy area of lower layer wiring ] also happens. 
[0008] Furthermore, since a lot of silanol combination is included in the spin-on glass film, 
whenever about 400-degree C heat is applied in the time of subsequent film growth etc., 
dehydration and condensation are caused by these combination, water separates, and it has a 
bad influence on a device property. For example, in the case of an MOS device, this water moves 
to near the gate, interface level is made to increase, and a device property is degraded. 
[0009] Then, some methods of improving the membraneous quality of a spin-on glass film itself 
are proposed. The 1 st method is a method (this is hereafter called 1 st conventional example) 
indicated by JP,4-1 16825.A, and this consists of the following processes. 

[0010] First, the inorganic spin-on glass film which uses hydroxylation silicon [Si (0H)4] as a raw 
material is applied by the rotation applying method, and this spin-on glass film is dried at the 
temperature of about 120 degrees C. Next, using microwave plasma treatment equipment or a 
microwave downflow processor, a steam (H2 O) is excited, a hydrogen radical is generated, and it 
is **** about a spin-on glass film to this radical. A hydrogen radical is entered and fixed in a 
spin-on glass film by this processing. Then, in dryness nitrogen-gas-atmosphere mind, it heats at 
the temperature of 800 degrees C, H of unreacted OH basis or the OH basis itself to which the 
hydrogen radical which was being fixed exists in a spin-on glass film is drawn out, and it is H2. 
You make it desorbed from a spin-on glass film as H2 O. Consequently, dehydration 
condensation advances and, as for a spin-on glass film, the whole film is reformed. 
[001 1] The 2nd method is a method (this is hereafter called 2nd conventional example) indicated 
by JP,4-174520,A, and this includes the following processes. First, an inorganic spin-on glass film 
is applied by the rotation applying method, and this spin-on glass film is annealed for 30 minutes 
in 200-degree-C nitrogen-gas-atmosphere mind. Next, it is **** to the activity mixed gas which 
contains carbon (0) for this film. CO and C02 etc. — carbonaceous oxide gas and 02 the 
plasma of mixed gas — **** [ for example, ] 

[0012] In this stage, the silanol combination in a spin-on glass film decreases sharply, and the 
part replaces by the carbon compound. Then, BEKU is performed in nitrogen or oxygen 
atmosphere at the temperature of 450 degrees C or less for stabilization. Thereby, combination 
with an Si-0 matrix and C compound is strengthened. If immersed in before this BEKU, the back, 
or order at organic solvents, such as a methanol and ethanol, an organic machine will combine 
with Si site which -OH basis of silanol combination was lost and became empty. It is known that, 
as for the film with which a carbon compound exists in a fi^ont face, water repellence is shown, 
and moisture resistance improves by the above-mentioned processing. If immersed in an organic 
solvent before BEKU processing, silanol combination (Si-OH combination) will decrease by 
substitution with an organic machine, and contraction by the dehydration condensation at the 
time of subsequent BEKU is eased. 
[0013] 

[Problem(s) to be Solved by the Invention] The formation method of the layer insulation film of 
the 1st conventional example mentioned above had the following troubles. First, in order to 
extract completely the hydrogen radical fixed after steam (H2 O) plasma treatment and in a 
spin-on glass film, it is necessary to heat-treat at the temperature of 800 degrees C in nitrogen- 
gas-atmosphere mind. Because of this high temperature, it is unsuitable to reforming of the 
spin-on glass film on low metal wiring of the melting points, such as aluminum. Then, when 
temperature of heat treatment is performed below 450 degrees C, in a spin-on glass film, silanol 
combination and a hydrogen radical remain so much, and have the same trouble as the old spin- 
on glass film explained in the column of [Description of the Prior Art]. In this conventional 
example, a hydrogen ion is further isolated from combination of the above whenever about 400- 
degree C heat is applied in the time of subsequent film growth etc., and it has a bad influence on 
a device property. For example, in the case of an MOS device, this movable ion moves to near 
the gate, makes interface level increase, and degrades a device property. 

[0014] Moreover, there were the following troubles in the 2nd conventional example mentioned 


above. First, a lot of organic machines exist in a spin-on glass film, and although improved in 
respect of calling it moisture resistance, on the other hand, there is the same fault as an organic 
spin-on glass film. That is, when forming a through hole in this spin-on glass film, although 
oxygen ashing processing must be performed for photoresist exfoliation, there is a fault from 
which the carbon in a spin-on glass film oxidizes, a film becomes porous, or a volume decrease 
occurs and a through hole configuration serves as a slack type by this processing after through 
hole opening. 

[0015] Moreover, when non-volatile memory, such as a flash memory, is formed as a device of a 
ground, the carbon in this spin-on glass film separates, a lower layer layer insulation film is 
diffused, and the problem of resulting even in a tunnel oxide film and increasing the leakage 
current of a tunnel oxide film also arises. 

[0016] this invention is made in view of such a situation, and the purpose is fully enabling it to 
offer the spin-on glass film which turned precisely, as dehydration / oxidization phenomenon fully 
happens to the whole film by processing with the degree of low temperature. 
[0017] 

[Means for Solving the Problem] The process which forms a spin-on glass film on the insulator 
layer formed on the semiconductor substrate using the (1) spin applying method according to 
this invention in order to attain the above-mentioned purpose, (2) Formation method ** of a 
spin-on glass film including the process which heat-treats **(ing) to the process which 
calcinates the aforementioned spin-on glass film at low temperature, and the plasma gas 
containing (3) oxygen, ozone, water, and helium, and improves the membraneous quality of the 
aforementioned spin-on glass film is offered. 
[0018] 

[Function] An operation of this invention is explained based on the experiment which the 
invention-in-this-application person conducted. Drawing 4 and drawing 5 are drawings showing 
the experimental result which the invention-in-this-application person performed. Moreover, the 
sample used for this experiment heat-treated using the plasma generator as shown in drawing 3 . 
That is, the spin application of the silanol type spin-on glass film (OCDType-2 : Tokyo adaptation 
shrine make) is carried out on a silicon substrate, 1 50 degrees C and prebaking for 1 minute are 
performed, and a solvent is evaporated. 

[0019] Next, heat treatment is performed for 60 minutes in 300-degree-C dryness nitrogen-gas- 
atmosphere mind using a horizontal'-type furnace, and baked hammer hardening and a spin-on 
glass film with a thickness of 0.1 micrometers are formed, next, the plasma which comes to 
include this spin-on glass film ozone content oxygen, water, and helium within the plasma 
generator shown in drawing 3 — **** — the reformed spin-on glass film is formed by things 
Under the pressure of 3.0Torr. using two RFs, 13.56MHz and 450kHz, as conditions which 
generate plasma, each power is set to 200W and 300W, and the interval of the shower electrode 
317 and a silicon substrate 323 is set to 5.08mm (200mils). 

[0020] Oxygen is supplied to an ozonator 303. and an ozone level generates the ozone content 
oxygen of 10 volume %. adjusts this to the flow rate of 2500sccm(s} by the flow regulator 301, 
and introduces into a manifold 314 from the ozone inlet 311. Moreover, water is introduced into 
an evaporator 308 through the liquid flow regulator 304, a flow regulator 306 is adjusted after 
evaporation and the H2 O gas of flow rate lOOOsccm is introduced into a manifold 314 from the 
H2 O inlet 312 by helium conversion (about the meaning of "helium conversion", it mentions 
later). Helium is introduced into a reaction chamber 324 from the helium inlet 313 so that it may 
furthermore be set to total-flow 500sccm in another system. Wafer temperature was made into 
400 degrees C, and plasma reforming processing was performed for 20 minutes. 
[0021] In addition, the sample which **(ed) to the plasma containing the sample (sample which 
performed only 400 degrees C and heat treatment for 20 minutes) which did not carry out 
plasma treatment for comparison of a plasma kind and the sample which reduced the type of gas 
of plasma, i.e., oxygen, the plasma and ozone content oxygen containing helium, and helium was 
produced. In this case, the total flow of helium is the same as the flow rate of oxygen. 
[0022] Drawing 4 is the measurement data of the moisture content in a film obtained from an 
infrared absorption spectrum, and after it leaves it after processing a sample and it absorbs 


moisture the moisture in the atmosphere, it is as a result of measurement. Especially, it is 
investigating centering on the absorption spectrum by silanol (it is displayed as Si-OH for 
convenience) combination of the 3330cm-1 neighborhood. Usually, the silanol combination 
corresponding to the absorption spectrum of this wave number corresponds to silanol 
combination which gathered to the micro void in an oxide film. Namely, silanol combination 
gathers to the detailed micro void of a porous film, and it is in the state where water carried out 
hydrogen bond to this silanol combination further. That there is much this silanol combination 
has the low density of this oxide film from the first, and it is shown that an oxide film pulls by 
porous ones and has a sexual stress. That pull by porous one and a sexual stress is acting shows 
high hygroscopicity, and that there is much this silanol combination also shows the plain-gauze 
fibers for plastering of moisture absorption by air neglect as mentioned above. 
[0023] It is shown by the sample without plasma treatment that silanol combination is included 
so much in a film in drawing 4 by the neglect other than silanol combination which exists in a film 
from immediately after spin-on glass film formation from the first in order to absorb moisture the 
moisture in the atmosphere. With the sample which **(ed) to the plasma containing oxygen and 
helium, although the amount decreases to about 2/3 of a sample without plasma processing, it 
still includes silanol combination so much in the film. Moreover, although the amount decreases 
even in the abbreviation half of a sample without plasma treatment with the sample which **(ed) 
to the plasma containing ozone content oxygen and helium, silanol combination still exists so 
much in a film similarly. 

[0024] However, with the sample which ♦*(ed) to the plasma containing ozone content oxygen, 
water, and helium, silanol combination is decreasing extremely. Moreover, the plasma containing 
oxygen and helium, When a spin-on glass film is **(ed) to the plasma containing ozone content 
oxygen and helium, or the amount of silanols in a film It decreased rapidly in [ of the start ] 
several minutes, and even if it performed plasma treatment in 20 minutes after that, when it ** 
(ed) to the plasma containing ozone content oxygen, water, and helium to the amount of silanols 
in a film seldom changing, after a rapid reduction was shown in [ of the start ] several minutes, it 
decreased gradually with time. 

[0025] When plasma treatment is carried out with oxygen, helium, or ozone content oxygen and 
helium, dehydration and oxidization are performed near the front face of a spin-on glass film, only 
the maximum surface layer has very good membraneous quality, an oxide film with strong bonding 
strength is formed, and this is considered because oxidization of a deep field did not advance 
easily, even if this good oxide film serves as a cap layer and advances in the depth direction of 
an oxidizer on the contrary. 

[0026] When it ** to the plasma containing ozone content oxygen, water, and helium, on the 
other hand, in existence of water Siloxane combination (Si-O-Si) distorted in the interface field 
of a membraneous good oxide film and a bad membraneous oxide film is understood an added 
water part, and silanol combination is once formed, subsequently Ozone and oxygen are supplied 
again and siloxane combination which dehydration and oxidization were performed near the stable 
bond angle and the bond length, and was stabilized is formed. And while silanol combination 
exists, since a film is hygroscopic by porous one and supply of water, ozone, and oxygen is 
continued in the depth direction, reduction of silanol combination continues over a long time. 
[0027] In this case, hydrolysis to siloxane combination is alternatively performed to a bent 
combination, and is hardly performed by stable combination. Moreover, it is understood an added 
water part easily [ the film in which it pulls by porous one and stress is shown ], and the 
reforming effect advances in the depth direction. As mentioned above, since it becomes only a 
dehydration condensation reaction (oxidation reaction) when plasma treatment is carried out with 
oxygen, helium, or ozone content oxygen and helium, in order to fully reform an oxide film, a high 
energy or an elevated temperature is needed, since [ on the other hand, ] a adding-water 
decomposition reaction occurs in parallel to a dehydration condensation reaction when water is 
added — low temperature 400 degrees C or less — a film — it is thought that the dehydration 
condensation reaction of until became possible deeply 

[0028] Furthermore, if the experiment which adds water to the plasma containing ozone content 
oxygen and helium is conducted, the reforming effect will serve as the maximum by a certain 


moisture content, and the reforming effect will fall on the contrary in the moisture content 
beyond it. This is for promoting hydrolysis, and the dehydration condensation by the plasma of 
oxygen and ozone not catching up, but silanol combination remaining mostly into a film, and 
causing membraneous degradation, when the ratio of the water to ozone content oxygen is made 
high. Therefore, when always adding water and performing plasma reforming, it is important to 
mainly perform the dehydration condensation and oxidization by ozone content oxygen plasma, 
and to perform hydrolysis by water auxiliary. 

[0029] Next, in order to investigate the influence which the ratio of the power of the 450kHz low 
frequency occupied to the total power (13.56MHz and 450kHz) of 2 cycles does to stress, the 
sample which **(ed) to the plasma containing the ozone content oxygen and water with which 
low frequency power ratios differ, and helium was produced. Moreover, in order to investigate the 
influence done to the stress of the total power value, the total power value was decreased to 
300W, the same experiment was conducted, further, in order to confirm the effect of addition of 
water, the low frequency power ratio was shaken like [ a **** sample ] the plasma containing 
ozone content oxygen and helium, and stress was measured. Pressures other than these 
parameters, a quantity of gas flow, substrate temperature, and time are the same as the 
processing conditions in the case of drawin g 4 . Stress was measured at the room temperature 
after plasma treatment. Here, stress means the stress which a film adds to a silicon substrate, 
when membranes are formed on a silicon substrate and it is returned to a room temperature. 
When a precise silicon oxide is formed, a strong compressive stress joins a silicon substrate from 
the difference in the coefficient of thermal expansion of silicon and an oxide film. 
[0030] A measurement result is shown in drawing 5 . Although stress changes from a hauling side 
to a stress free-lancer with the rise of the ratio of low frequency when the total power value is 
set without [ drawin g 5 ] water (H2 O) to 300W, it never shifts to a compression side. However, if 
H2 O is added, it will shift to the compression side to the whole compared with a level without 
H2 O, and if the ratio of low frequency increases further, it will begin to shift to a compression 
side. 

[0031] When you have no H2 O, only the maximum surface layer of a spin-on glass is reformed 
and it is thought that the bottom of this good oxide film does not shift to a compression side 
since the oxide film which shows hauling stress, including a silanol so much exists as it is. On the 
other hand, if H2 O is added, reforming will progress in the depth direction, and if the ratio of low 
frequency increases, it will be thought that precise-ization of an oxide film is promoted. It thinks 
because the front face of a spin-on glass film serves as an elevated temperature by the ion 
bombardment by the RF 1MHz or less to there being no ion bombardment to a substrate and, as 
for this, hydrolysis and dehydration condensation of H2 O to siloxane (Si-O) combination are 
efficiently performed, since the ion in plasma cannot be followed in a RF 1MHz or more. However, 
only by the RF 1 MHz or less, if it is going to generate plasma stably, the vacuum of 1 or less 
Torr is required, consequently the absolute amount of oxidization kinds, such as oxygen, ozone, 
water, etc. which reach a substrate, decreases, and an effect is reduced on the contrary. 
[0032] Therefore, it is important to generate plasma stably by the 13.56MHz RF, and to make the 
ion in plasma collide with a substrate by the about 450kHz RF. Furthermore, if the total power is 
raised to 500W, on the whole compared with the level of 300W, it will shift to a compression side 
further. However, even if it gathers the ratio of low frequency, it is 1.5x109 dyne/cm2. Above, it 
does not shift to a compression side. By plasma treatment, the amount of silanols in a film 
decreases enough, and this is considered because the upper limit of a membraneous 
improvement was reached by heat treatment it is [ heat treatment ] 400 degrees C. In addition, 
this 1.5x109 dyne/cm2 Compressive stress is of the same grade as the stress shown in the 
silicon oxide formed by the spin-on glass film and plasma-chemistry vapor growth at the time of 
performing elevated-temperature (for example, 900 degrees C) heat treatment. Therefore, it 
turns out that a membraneous spin-on glass film of the same grade as the spin-on glass film and 
plasma oxidation film in which elevated-temperature heat treatment was carried out by the low- 
temperature process by making the ratio of low frequency about 60% or more by 500W is 
obtained in the total power. 
[0033] 


[Example] Next the example of this invention is explained with refer nee to a drawing. Drawing 1 
is the order cross section of a process for explaining the manufacture method of the 1st 
example of this invention. Moreover, drawing 3 is the block diagram of the plasma generator used 
for heat treatment of the exampi of this invention. First, with reference to drawing 3 , the 
plasma generator used in the example of this invention is explained. 

[0034] With this equipment, it is equipped on the SiC susceptor 325, optical heating is carried 
out from a heat lamp 327 through the quartz board 326, and the silicon substrate 323 is held at 
the temperature of about 200-450 degrees C. Moreover, the exhaust pipe 328 is connected to 
the vacuum pump 329. and the pressure of a reaction chamber 324 is held at 1 - 20Torr. 
[0035] The oxygen (02) by which flow regulation was carried out by the flow regulator 301 is 
introduced into the silent-discharge type ozonator 303, and the oxygen containing the ozone of 1 
-10 volume % is made to generate. H20 gas carries out flow regulation of the water (H2 O) of 
the liquid supplied from the tank which is not shown by the mass-flow type liquid flow regulator 
304. makes it evaporate completely with an evaporator 308, and is generated in this drawing by 
mixing with the helium by which flow regulation was carried out by the flow regulator 306. 
[0036] In addition, an H2 O quantity of gas flow is the value which deducted the numeric value of 
a flow regulator 306 from the numeric value of the hydrometry machine 330, and is a value in 
helium conversion. Thus, the generated ozone content oxygen gas and H2 O gas are introduced 
into a manifold 314 from the ozone inlet 31 1 and the H2 O inlet 312. Moreover, for pressure 
regulation and plasma stabilization, flow regulation of the helium is carried out by the flow 
regulator 309, and it introduces into a reaction chamber 324 from the helium inlet 313 in another 
system. 

[0037] It is mixed by 314 in a manifold and the ozone content oxygen gas introduced in the 
manifold 314 and H2 O gas are mostly diffused in homogeneity by hitting the gaseous diffusion 
board 315. Furthermore, in the shower electrode 317. it distributes to homogeneity further and is 
introduced into a reaction chamber 324. The shower electrode 317 is electrically insulated with 
other portions by the insulating ring 316, and the RF which was formed in 13.56MHz RF 
generator 318, and was filtered in the high-pass filter 319. and the RF which was formed in 
450kHz RF generator 320. and was filtered in the low pass filter 321 are impressed through the 
matching box 322. Thereby, plasma is generated. 

[0038] Next, with reference to drawin g 1 , the manufacturing process of thie 1 st example of this 
invention is explained. First, as shown in drawin g 1 (a), an oxide film 102 is formed on a silicon 
substrate 101. and the aluminum film which contained silicon and copper on the oxide film 102 is 
formed. Then, the aluminum wiring 103 with a height of 0.8 micrometers is formed using 
photolithography technology and dry etching technology. 

[0039] Next, as shown in drawing 1 (b), the plasma oxidation film 104 is deposited on the whole 
surface at about 0.4-micrometer thickness by the 400 degrees C [ which uses a tetraethyl 
orthochromatic silicate (TEOS) and oxygen as a raw material on the whole surface ] plasma 
chemical-vapor-deposition method. Here, a next spin-on glass film goes into the space during 
aluminum wiring enough, and in order not to make a void, you may make thickness of the plasma 
oxidation film 104 thin by the space interval and the aspect ratio. 

[0040] Next, as shown in drawing 1 (c), the spin application of the silanol type spin-on glass film 
(OCD Type-2 : Tokyo adaptation shrine make) is carried out on the plasma oxidation film 104, 
150 degrees C and prebaking for 1 minute are performed, and a solvent is evaporated. Next, heat 
treatment is performed, burned and hardened for 60 minutes in 300-degree C dryness nitrogen- 
gas-atmosphere mind using a horizontal-type furnace, and the inorganic SOG film 105 with a 
thickness of 0.1 micrometers is formed. 

[0041] next, the plasma 106 which installs a silicon substrate 101 in the plasma generator shown 
in drawing 3 , and contains ozone content oxygen, water, and helium for the inorganic SOG film 
105 as shown in drawing 1 (d) — **** — the inorganic SOG film 107 reformed on the plasma 
oxidation film 104 is formed by things Under the pressure of 3.0Torr, using two RFs, 13.56MHz 
and 450kHz, as conditions which generate plasma, each power is set to 200W and 300W. and the 
interval of the shower electrode 317 and a silicon substrate 323 (101) is set to 200mils(es). An 
ozone content oxygen flow rate is adjusted to 2500sccm(s), using an ozone level as 10 volume %, 


and it introduces into a manifold 314 from the ozone inlet 31 1. Moreover, water (H2 O) is 
introduced into an evaporator 308 using the liquid flow regulator 304, and the H2 O gas of flow 
rat lOOOsccm is introduced into a manifold 314 from the H2 O inlet 312 by helium conversion 
aft r evaporation. Helium is introduced into a reaction chamber 324 from the helium inlet 312 so 
that it may furthermore be set to total-flow SOOsccm in another system. Wafer temperature is 
made into 400 degrees C, and plasma reforming processing is performed for 20 minutes. 
[0042] Finally, as shown in drawing 1 (e). in order to obtain sufficient flat nature, application / 
baking process of an inorganic SOG film and the plasma reforming process of drawing 1 (d) which 
are shown in drawing 1 (c) are repeated 3 times, for example, and the reformed thick-film 
inorganic SOG film 108 of about 0.3 micrometers of thickness is formed on the plasma oxidation 
film 104. 

[0043] Although the plasma reforming process of an application and baking of the inorganic SOG 
film of drawing 1 (c), and drawing 1 (d) was repeated 3 times and performed in this 1st example, if 
the plasma reforming process of drawing 1 (d) is previously performed only for application / 
baking process of the inorganic SOG film of drawing 1 (c) several times repeat deed and after 
that for a long time, the same reforming effect can be acquired. 

[0044] Next, the 2nd example of this invention is explained with reference to drawin g 2 . Drawing 
2 (a) - (d) is the order cross section of a process for explaining the 2nd example, the portion 
which drawing 2 (a) is the cross section showing the state after passing through the process 
from drawing 1 (a) of the 1 st example to drawing 1 (c) here, and corresponds — lower — the 
sign to which 2 figures is common should give — the explanation which is *******3|c3Ms and 
overlaps is omitted the plasma 206 which makes wafer temperature 400 degrees 0 and contains 
ozone content oxygen, water, and helium for a sample for 1 5 minutes as shown in drawing 2 (b) 
after forming the inorganic SOG film 205. as shown in drawing 2 (a) — — the reformed 
inorganic SOG film 207 is formed by things The generating conditions of plasma are pressure 
3.0TorKs). and set each power to 200W and 300W using 2 cycles (13.56MHz and 450kHz). The 
ozone content oxygen of 10 volume % was adjusted for the ozone level to 2500sccm(s), water 
was evaporated, the H2 O gas of flow rate 1 SOOsccm was introduced by helium conversion, and 
helium was introduced so that it might be further set to total-flow 500sccm in another system. 
[0045] next, the plasma 209 which contains ozone content oxygen and helium for a sample within 
the same equipment as shown in drawing 2 (c) — for 5 minutes and — the inorganic SOG 
film 210 reformed further is formed by things Plasma generating conditions and various quantities 
of gas flow, and wafer temperature are the same as the conditions in drawin g 2 (b) except for the 
point which does not add water. Finally, as shown in drawing 2 (d), the reformed thick-film 
inorganic SOG film 21 1 of about 0.3 micrometers of thickness is formed on the plasma oxidation 
film 204 [ process / plasma reforming / of drawing 2 (c) / from application / baking process of 
the inorganic SOG film of drawing 2 (a) to ] 3 times, for example. 

[0046] In this 2nd example, although the process of drawing 2 (b) and drawing 2 (c) was . 
performed only once, even if it carries out these processes for a short time and is made to 
perform them repeatedly two or more times, the same reforming improvement effect can be 
acquired. For example, the same effect is acquired, even if it performs the process of drawing 2 
(c) for 1 minute and repeats the process of drawing 2 (b) a total of 1 0 times for 1 minute. 
Moreover, although application / baking process of the inorganic SOG film shown in drawing 2 (a) 
and the plasma reforming process shown in drawing 2 (b) and drawing 2 (c) were repeated 3 
times and performed in this 2nd example application / baking process of the inorganic SOG film 
of drawing 2 (a) — previously — the plasma reforming process of several times repeat deed, 
after that, drawin g 2 (b), and drawing 2 (c) — every 1 time — or if it carries out repeatedly two 
or more times, the same reforming effect will be acquired Furthermore, you may be made to 
carry out the laminating of the SOG film formed in forming the reformed thick-film inorganic 
SOG film according to the 1st example, and the SOG film formed according to the 2nd example. 
[0047] 

[Effect of the Invention] Since the formation method of the spin-on glass film by this invention is 
processed in the plasma containing the oxygen and the water which contain ozone for a spin-on 
glass film [ finishing / baking ], and inert gas as explained above, the hydrolysis to an unstable 


siloxane combination promotes by addition of water, by the addition and the plasma shock 
containing ozone of oxygen, smooth dehydration from silanol combination and oxidization can 
promote, and a precise spin-on glass film can obtain, and this silanoHzed reaction, and 
dehydration and oxidation reaction — addition of water — a film — it is deeply alike, and even if 
it is about several lOOnm film until in order to be carried out for example, it can be made precise 
over all thickness Therefore, according to this invention, a membraneous layer insulation film 
equivalent to the spin-on glass film and plasma oxidation film which carried out elevated- 
temperature heat treatment can be obtained according to a low-temperature process. 
[0048] Moreover, when the film turned precisely, increase of the contact resistance of a contact 
hole or a through hole is prevented, and increase of the leakage current between contact holes 
and between through holes can be suppressed again. Furthermore, when etchback became 
unnecessary, the problem of degradation of global flat nature peculiar to an etchback process is 
also avoidable. 


[Translation done.] 


DESCRIPTION OF DRAWINGS 


[Brief Description of the Drawings] 

[Prayying 1] The order cross section of a process showing the 1 st xample of this invention. 
[Prawing 2] The order cross section of a process showing the 2nd example of this invention. 
[Drawing 3] The block diagram of the plasma generator used in the example of this invention. 
[Drawing 4] Drawing showing the amount of OH basis in which ****** at the time of changing 
the plasma gas for explaining an operation of this invention is fastidious. 

[Drawing 5] Drawing showing the ratio of the low and RF power occupied to the total power for 
explaining an operation of this invention, and a relation with stress. 
[Description of Notations] 

101 201 Silicon substrate 

102 202 Oxide film 

103 203 aluminum wiring 

104 204 Plasma oxidation film 

105 205 Inorganic SOG film 

106 206 Plasma containing ozone content oxygen, water, and helium 

107 207 Reformed inorganic SOG film 

108 21 1 Reformed thick-film inorganic SOG film 

209 Plasma Containing Ozone Content Oxygen and Helium 

210 Inorganic SOG Film Furthermore Reformed 

301. 306, 309 Flow regulator 

302, 305, 307, 310 Bulb 

303 Ozonator 

304 Liquid Flow Regulator 
308 Evaporator 

311 Ozone Inlet 

312 H2 0 Inlet 

313 Helium Inlet 

314 Manifold 

315 Gaseous Diffusion Board 

316 Insulating Ring 

317 Shower Electrode 

318 13.56MHz RF Generator 

319 High-pass Filter 

320 450KHz RF Generator 

321 Low Pass Filter 

322 Matching Box 

323 Silicon Substrate 

324 Reaction Chamber 

325 SiC Susceptor 

326 Quartz Board 

327 Heat Lamp 

328 Exhaust Pipe 

329 Vacuum Pump 

330 Hydrometry Machine 
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MHzJli^jg^®3 1 8{C*^^>t:J^tS3<l>'^-<^^*X7 ^ 
Jb^fS 1 9K:*5C»-Cii<S^?*T,fc?^^ig?. fciCf. 45 0 
kHzlS^jg^iS3 2 0Cc*^^,>-CJfM3♦law^•X7 ^ 

9tfx3 2 2«:/M.-CE|fljp3n-Cl>*. CtitcJrD::'^ 

[0038] ^^{C. H 1 «:#«SL/r. *l%?S©m 1 ©H 

mm<ommJM=s:Si.mri,. «-r. lai (a)«c^-rj: 

^^tMlO 2±tCi/y3>^S€:SWL//cr;^5- 
■5Aa^:fi!Ui■rS. -e©«. y* hwif^y^mst 

F^.'fxti.^>d/ftJB«:fl9lr>-C?S*0. 8ttm©Ali3 

IR 1 0 3 ^mmri>, 

[0 03 9] ^(c. HI (b) <cn^t- J:^{c, ±mic^ 

h^x5^;W5fjl.V5xy^r_h (TEOS) 
<!: -r ^ . 4 0 0 -C-C© ;^ v< t^mti^Sftfc J: *) , 
:/^XvK<tMl 0 44^ffi«:*^0. 4ym©]^«:ii 
«-r-5. cc-c. A ii3Bira©:^'<-;^{c«©y^fcr>* 

]gl 0 4©Sil*»< 

[0040] y^{C, H 1 ( c ) {C^-r J: ^ tc> 7'^X-7 
K^fclSl 0 4±«cs/-7>'-;U4'-f:?'©Xf>j}->i^vX 
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K(OCD Typ e-2 rm^jCft^M?) «r;^f>^ 

^&L/. i5 0'c. \^m<D':f')^-i;^n\.^fm^mM 

31*^. ;XK. «^iF*fflC»-C3 0 0-C©f£ii^^ffl 

s^-ce 0 ^ras8«aa*tfor«E*@». o . i *i 

m©ifetiSOGIIil O5*0^-r-5. 
[0 04 1 ] ;X{C. a 1 (d) {C7i^T«t'5{C. m3VZm 

MSSOGM10 5*. *V'>SW»Sgi*i-^';'?A 
?r^t?:/7X-7l 0 6{CIS|-rciT. •?'5XvK{t)gl 
10 0 4±{c5StaL/t:jJ8tasOGjSl 0 74}gfiS-rS. 

X-r*|6^S«4^<fcUr, 3. OTorr©BE:t>T 
■C. 13. 5 6MHzi4 5 0kHz©2o©igSjg^ 
&/<'7-*2 0 0Wi3 0 0Wily. t/*-?- 
833 1 7^i^y3>S«l3 2 3 ( 1 0 1 ) ©IBI|f3« 2 
00m i 1 si-r-2.. :tV'>igK=& 1 Otta%i OTv 
*-/>^WK^S£fi*2 5 0 0 s c cmtcgiSO. sj-y 
>«An3 1 1 J:D'5'^*-Jl'K3 1 4{CSA^*. * 
fc. * (H. O) «-«i«&*^t5g3 0 4*m>T:^jf6 

g308(c»AL^gi. --y-i'Agse-cjfeai 000 

20 sccm©H, 0;«/X=feH, OliAn 3 1 2 J: ») -r-J^ 
-iU F3 1 4«:«Af 3 6K:m«E-Ci^SSfi5 0 0 
s c cmi«c4J:^CC'^y<;'A*He^AP3 1 2J:») 
Sl6S3 2 4K:#A-r*. ■^*-'NiaA*4 0 0*CtL. 
:?'5Xv55c®i!ia*2 0»ia?f 5, 
[0042] saK. S 1 < e ) {C^n-TJ; ^{c. 
¥«tt«r^5ft:«)«c, HI (c) Cc^nTftttSSOGH© 
• flfigXS tmi ( d ) © T'^ X-^'ScMXg^fefc i 

A«3@igf)igi/, mw-mo. 3 nm<o^mi>tcmwm 

®S OGM 1 0 Q^Zf'yX-^WLim 1 0 4©±CCj^fiR-r 
30 ^. 

[0043] C©|g 1 ©SIS6««!-Ctt. 01(c) ©jRtS 
S O GWkomtb -m^tmi ( d > ©:^7 Xv^fcMXg 
*30«|IDjiCtfr>fc*!. 191 <c) ©taSSOGK© 

01(d) <!>^=7X-7^jM^!mm'i9L\m dkm 
[0044] ^>:«c. *^B^©i^2 ©^WK:oc>ra2 

«:#MLrttt?9-r^. 02 (a) ~ (d) «. ^2©JI 

40 2 (a) 1^ 1 ©litems 1 (a) ^-^ai (c) 
*-C©XS«:gfc^©<^JS§«rn^TWr®0-C*-p-C. S^to 

r*»»K:t*T2*ff*J^tji-r4t?^*j#i*6tiri»*© 

■C. ^ti>m^U^ti>. 02 (a) {Ctk-TJ:^ 
tc. J!8t5SOGM2 0 5 4J^fiSl//ca, 02 (b) K.7j< 
^i^K. •53:-'>SS*4 0 0'Cib-Cl 5^. St** 
^:i-y>^WKI^<t*:i'vy -^A^^tf^^XvE 0 6 
tClg-rci-C. KSL/c«IISSOGJg2 0 7«rJ^fiX-r 
5. :7"7X-5'©^^mi. BE^;3. OTorr-C. 1 
3. 5 6MHz i4 5 0 kHz©2^j^*ffll,>r. 
SO ■7-4:2 0 0Wi.3 0 0WiL/c. :*-y>jgS*10i*i 


(7) 

U 

m%o)*\r>^mm3Ri2 5 o o s c cmtcsasitL. * 

^MM^i±. -^y-^AgigErSSa 1 5 0 0 s c cm©H 

. o*f:^'&mAL. s fi>v:%mm-cmm&b 0 0 s c c 

m <k % * <t ^ tc^ y A * A L /c. 

[0 04 5] ;^CC. S2 (c) KTK^i^tC. ^-$|g 

jSt«S0GJS2 1 O^BfS.-ri>, :7'7X-7^^ftt}J: 

l,>r. 02 (b) -CCD^il^Ci-Ci-S, S^K. 02 10 
(d) (C7F-rJ:^«:. 02 (a) ©Mt5SOGM©^il& 
•«S^g*'602 (c) ©rr^X-r^MXgX-C^/c: 
«t::^.«3|Hiai»)ilL. i^ilSjO. 3 a m<D5ScHl//dl)g 
«R«SOGK2 1 1 *r»'^XvH<fcg|2 0 4<D±tCiegi 

[0046] C©02©jy6t^r«. 02 (b) <bia2 

( c ) <oxg* 1 ay^wtf -5^*1. cne><Dxs%^^ 

race LSIgcEIig •) M Off ^ <t ^ K fcl^ D»«?!t«jai 
l^*»-SCi*l-Ct.5. mtf. 132 (b) <DXg«rl 

02 (c) ©XS*l^l8Ifft>. ^iHOHISIO 20 

. -ctt. 02(a) (c^Tisi«s oGmnmm • m^sam 

02 (b> , 02 (c) tt:n^Lfc:/^Xv5Sc«Xg 
<b*3@«|«JiIL.tfofc*i, 02 (a) ©^SSOGS 

<i!:^«-«&iKxe/cC:f«:3fe{c»@«lO)gOtfi»v -e© 
02 (b) i02 (c) ©:/7Xv3feStXS*l@ 

tii>. S6(C. ^SL/dli^tasOGM^^^-r-S© 
(c. sri©lltlfii||(cj:i7^i;SUA:SOGiS&ll2C!:^;% 
«KJ:»)jgfiJiL.fcSOGJSt*aBr4J:^K:L-CfeJ: 30 

CO 04 7 ] 

>:t>4'7;<)g©j^gR:^ri*w. j^^*©^^f>:<->d/ 
5Xvtti-c«ia-r^>t>©-c*-5.©-c. *©asjin«:j:»)^ 

#«fB^©asjjaiJ<fcCf:/^XvJRfS{cJ:»). i^^y-A^ 

*s^3&>i5©n»«ciiWc. »{b*ffiiitr-5ci**-c#. a 

!!f^jrXf>:i->i^7X]^=S:fiSCi*iT:#-5.. ^hX. 40 

C©2:'^^-;MkiSt&<b|gi7K • KYkSt&!>s*©8S»n«:J: 
OjgSKKiriftoiiSJr^tcttSfcfev m«»i0 

0 n m^©]g-c* r t ^|gj?ice -o r g^l5fb-r s c 

XKJ:*). iSSJ»«iffl*0/cXf>:*->d^^XK1*:^5 
X7e[fkM&@^M«©JiraiMM^lg«9-& Htlfi-Cii 

[0 04 8] IgdsaaffbSn/cCitcJ:*). 3> 

ife' h!^-^^•?>XJ^-*:-J^©SMfi^n©ii;^*lP;5ih$ 

;^;^-J^-;^pa©y-^'^ so 
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SSE©*S:*:%«i^-r'Sci3&sr#*. x9 9=^^-'<r» 

C03a©lSWd:lft?9] 

[0 1 ] :^^^©m 1 ©llit&«^«^-rx^in»rffi0. 

[02 ] :^^iii©ii2 <msm^m-r:Dsmsmm. 
[03] *a§g©jeifi«{c*$t»-cm>6ns7'7Xvffe 
^^s©^{dc0. 

[04] *^?l©fPffi=£Sil«r*:fc«i>©. y^Xv;Vx 
€:^|gLfcti^©K«K:©C 4 O H«©S*7S-r0. 
[05] 3t:^?g©{^ffl*Si?g-r-Sfcft©. fg/^y-Kcfe 
• ii5^jSi''W-©tt;i. X h UX<t©B8fS*^-r 

0. 

[#^1*1!^] 

10 1.201 5/ y =»S« 

10 2. 2 02 mitm 

1 0 3. 2 03 A liBia 

1 0 4. 2 04 :/-5X-7K<bl8 

105. 205 MSSOGie 

10 6. 2 06 *'y>#WK*<!:*i'^.y>A%#tJ 
^^Xv 

10 7. 2 07 3S:SLfcM»SOGK 

10 8. 2 11 5JcMl/fcllMifelSSOGIS 

20 9 :i-V^>&WK^i--^y?A4Stj:/^Xv 

210 3 6«C5SSUyd»asOGB 

301. 306. 309 mMm^s 

302. 305. 307. 310 /^^U::^ 


303 


304 


308 


3 1 1 


3 1 2 

H, O^AP 

3 1 3 

He5»AP 

3 1 4 


3 1 5 


3 1 6 


3 1 7 


3 18 

1 3. 56MHziKJSiS«^ 

3 1 9 


320 


32 1 


3 2 2 


323 

t'y^^SS 

324 


3 2 5 

S i C-tJ-izr/if 

32 6 


32 7 


3 2 8 


329 
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330 msmms 


(8) 


- 2 1 3 3 8 3 

14 


mi] 


im2] 


(a) 


'103 AlStt 


(a) 



u ♦ u u u i u r i 


104 ■y'^X'^ttt^Bi 


^5 mmsoGm 


106 *'/>t*lti:*tAU0it^C^5i7 





107 3t9tU>^«EttS0GJR 


108 ^uijitmskmmsoGm 



203 AlEUt 

205 fttflSOGA 

204 :r^:3f-7»<b« 

-202 RftR 
201 5/tJ3:>l£^ 


(b) 


HtO«0i.O9«He 


^207 ftKl/fi:««306R 


(C) Oa Ob H€ 209 *'/>t*lti:A'J0^.t^Ct7;t7 


211 ftflL&JVttftasOGtt 

204 
202 
203 

20! 



303 


-s^^ 302 


301 


& 


[H4] 

Ak9 a>3ftl tC J:«S06flt 4<«0Hft ^ «ft Oft A 

SI-OH (3330010-*) 


Gk+0i:^7X7|[k9 SOCK SOG« SOGft 

SOGft 



He 


322 319 318 


329- 
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^ 2 


o 
«) 

Ui 

a: 



LFftHFP0W»r(300W) 


no LFPowerjif 


HtOSto 

LFfrHFPower(300W} 
KtOSifl 

LFAHFPower(500W) 


SIB 


[ffiWB] ^^7^1 2^200 

[0 02 1 ] fj:^. :^^X'7m<Dtm(Dfcit(C. z/^X 
^!&m^ IjUtf^rffcV-ly^yV ( 4 0 0 'a 2 Oi^m>^ 

[|fiE*fl5iffiS«] allies 
[ffliE>Ptm«a«] 0 04 1 

[ISiErtSl 

[0 04 1] ;XCC, HI (d) (CtS-TA^CC, H3K:^* 


t^SOGJgl0 5*. :fV^>^WK^<i:;!Ki-^y'>'A 
*^t?:/^Xv 1 0 6 tcBI-rc ir. :/^XvKffclS 1 
04±CC5fcMl./cJS«SOGigl 0 7*?g^r^, 
Xv«:»^5#-5^f|i<!:Ur. 3. OTo r r<D)KjT 

13. 5 6MHz<!:4 5 0kH2(D2o(D]g^ig^ 
fflC^r. S>'^*y-^2 0 0W<b3 OOW<tU. i^i''7- 
mffi3 1 7<i:^'U3>S«3 2 3 ( 1 0 1 ) CDf^Pi^ 2 
0 0 mi 1 si-r^o ^y>ige^l OftS%iLT. 
:tv^>^WM*iSa«: 2 5 0 0 s c c mtcSSffi 
>^AP3 1 1^0v^:fx-;l.F3 1 4{C2SA'r^o * 
ic.. * (H, O) ^«i*SSSP!g5S3 0 4^fflC>r^^ 
S3 0 8«:a5Al/^^«. -^y-JAgiSriiSai 000 
sccmCDH, 0:tf:^^H, O^AP3 1 2 ^ 0 •7Jr.;^ 

F 3 1 4 (CHAT'S. S ecc^l^Sg-Ci^figSS 0 0 
s c cm<birjc4J:^)(c-vi;»:>A*He«AP3 1 3_J^0 
Ja£^3 2 4{C^AT^o 'i':cyNSa[44 0 0'CiL/. 
:/5Xv?JcMAaffi;Sr2 O^^Htf 


(5i)int.a/ mm.^ /frtMss^ fi 

HO 1 L 21/768 


